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SUMMARY – We investigated mortality, causes, timing and risk factors for death until hospital 
discharge in very-low-birth-weight (VLBW) infants born in two Croatian perinatal care regions. This 
retrospective study included 252 live born VLBW infants. The mortality rate until hospital discharge 
was 30.5% (77/252). VLBW infants who died had by 4 weeks lower gestational age (GA) than surviv-
ing infants (median GA, 25 vs. 29 weeks), lower birth weight (BW) (mean BW, 756.4 vs. 1126.4 g), 
lower 5-minute Apgar score (median 5 vs. 8) and were more often resuscitated at birth (41.6 vs. 
19.4%; p<0.001 all). Infants who survived were more often small-for-gestational age (SGA) (28.0 vs. 
15.6%; p=0.04) and more often received continuous-positive-airway-pressure (CPAP) in delivery 
room (13.1 vs. 2.6%; p=0.01). Multivariate logistic regression revealed that parameters influencing 
death until hospital discharge were 5-minute Apgar score (OR 0.780, 95% CI 0.648-0.939) and 
higher Clinical Risk Index for Babies (CRIB) score (OR 1.677, 95% CI 1.456-1.931). ROC analysis 
showed that CRIB score (AUC 0.927, sensitivity 92.2, specificity 81.1; p<0.001) was the strongest 
predictor of death until hospital discharge. In infants who died within 12 hours, death was most com-
monly attributed to immaturity and in those surviving >12 hours to necrotizing enterocolitis.
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Introduction
Understanding the causes and timing of death in 
very-low-birth-weight (VLBW) neonates is impor-
tant for planning of perinatal care and parental coun-
seling. Neonatal mortality accounts for a major pro-
portion of deaths in children under 5 years1. The lead-
ing cause of death among infants is prematurity and 
morbidities related to premature birth2. Advances in 
the field of neonatology, i.e. introduction of surfactant 
therapy3 and antenatal corticosteroid administration4 
have led to a significant reduction of mortality, espe-
cially in developed countries5-7. Outcomes improve 
significantly with advancing gestational age, so Bajwa 
D. Kardum et al. Survival until discharge of very-low-birth-weight infants
Acta Clin Croat, Vol. 58, No. 3, 2019 447
et al. found that between 23 and 26 weeks of gesta-
tional age (GA), the overall decrease in mortality was 
23% for each additional week of GA, yielding a 3% 
daily decrease in mortality8.
There is an ongoing debate on decision making re-
garding infants born at the threshold of viability9. Ges-
tational weeks 22 to 23 seem to be the limit of viabil-
ity (GA at which a prematurely born fetus/infant has a 
50% chance of long-term survival outside the mother’s 
womb)10. Various countries have developed different 
approaches to treatment strategies in the periviable 
period11. In Croatia, there are no recommendations re-
garding initiation of intensive care in the periviable 
infants. Therefore, having reliable data on the causes 
and timing of death in VLBW infants is of paramount 
importance for appropriate parental counseling and 
further planning of perinatal care.
Patients and Methods
All live born infants in two Croatian perinatal care 
regions were considered eligible for inclusion in the 
study if they met the following four criteria: born be-
tween January 1, 2014 and December 31, 2016, GA at 
birth ≥22 0/7 weeks, birth weight <1500 g, and born in 
delivery wards in the regions (2 level III neonatal units, 
2 level II neonatal units and 5 level I neonatal wards). 
The eligibility criteria were met by 256 infants. Of 
these, four infants were foreign residents and were 
transferred to their country of origin, thus data on 
their outcomes were unknown. Consequently, the co-
hort included in our analysis consisted of 252 infants. 
Enrolled infants were followed up actively from birth 
to hospital discharge.
Survival until discharge was defined as discharge 
home or to a palliative care facility. GA was deter-
mined based on obstetric examination with ultraso-
nography during the first trimester, taking into ac-
count the last menstrual period, and postnatal exami-
nation of the neonate. Small for gestational age (SGA) 
was defined as birth weight of more than 2 SD below 
the mean based on neonatal anthropometric charts12. 
Antenatal steroid use was defined as administration of 
dexamethasone to accelerate fetal maturity with at 
least 1 dose (incomplete) or at least 4 doses (complete). 
Chorioamnionitis was defined based on histologic 
findings; where histology was not performed (only in-
fants born in level I and II neonatal care units), the 
diagnosis was based on the previously described crite-
ria13. Maternal hypertension and late-onset sepsis were 
defined based on previous studies14. Delivery room re-
suscitation was defined as any endotracheal intubation 
and/or chest compression and/or fluid boluses and/or 
any epinephrine administration in the delivery room. 
The Critical Risk Index for Babies (CRIB) score was 
calculated according to the author’s instructions15.
The primary cause of death was defined as a single 
underlying disease that initiated the chain of events 
leading to the final cause of death. The cause of death 
had to be specific to the underlying disease and pre-
ceding all other causes. For example, if the infant had 
necrotizing enterocolitis (NEC) and died due to late-
onset sepsis, death was attributed to NEC. As an ex-
ception, kidney failure was defined as a specific cause 
of death because we observed that a significant num-
ber of infants survived the initial cause of acute kidney 
injury (i.e. late-onset sepsis) but later died from kidney 
failure. The causes of death were as follows: immatu-
rity, respiratory distress syndrome (RDS), kidney fail-
ure, infection, congenital malformations, central ner-
vous system (CNS) injury, bronchopulmonary dyspla-
sia (BPD), and NEC. The causes of death were defined 
as in previous studies16. Death due to kidney failure 
was defined as death following an episode of kidney 
failure according to the nRIFLE (loss or end-stage) 
criteria17. The causes of death that could not be classi-
fied as one of the aforementioned causes were classi-
fied as ‘other’.
Data were processed by use of descriptive statistics 
methods. The Mann-Whitney U test was used to com-
pare median between the two groups, while Fisher ex-
act test was used to analyze differences between pro-
portions. Logistic regression was used to analyze the 
independent factors associated with negative outcome. 
The receiver operating curve (ROC) was used to de-
termine the optimal threshold, area under the curve 
(AUC), specificity and sensitivity of the tested param-
eters. Median  survival  was calculated using  Kaplan-
Meier analysis. The level of statistical significance was 
set at 0.05. Statistical analysis was performed using 
SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and Med-
Calc Statistical Software version 18.2.1 (MedCalc 
Software bvba, Ostend, Belgium; http://www.med-
calc.org. 2018).
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Table 1. Demographic and clinical data of the study cohort of very-low-birth-weight neonates (N=252)
Survival
p-valueYes (n=175) No (n=77) Total (n=252)
Birth weight (g), mean (SD) 1126.49 (241.8) 756.4 (243.1) 1013.9 (294.8) <0.001*
Gestation (weeks), median (IQR) 29 (27 – 31) 25 (23 – 26) 28 (25 – 30) <0.001*
5-min Apgar sore, median (IQR) 8 (6 – 10) 5 (3 – 7) 7 (5 – 9) <0.001*
CRIB score, median (IQR) 1 (1 – 2) 9 (6.5 – 13.5) 2 (1 – 7) <0.001*
Male sex, n (%) 81 (46.3) 46 (59.7) 127 (50.4) 0.05†
Prenatal corticosteroids, n (%) 95 (54.3) 41 (53.3) 136 (54) 0.98†
Complete course 21 (12) 9 (11.7) 30 (11.9)
Incomplete course 74 (42.3) 32 (41.6) 106 (42.1)
Singleton/multiple, n/n (% of multiple birth), n (%) 130/45 (25.7) 61/16 (20.8) 191/61 (24.2) 0.43†
Chorioamnionitis, n (%) 78 (44.6) 42 (54.6) 120 (47.6) 0.13†
SGA, n (%) 49 (28) 12 (15.6) 61 (24.2) 0.04†
Delivery room resuscitation, n (%) 34 (19.4) 32 (41.6) 66 (26.2) <0.001†
Delivery room CPAP, n (%) 23 (13.1) 2 (2.6) 25 (9.9) 0.01†
Outborn, n (%) 16 (9.1) 12 (15.6) 28 (11.1) 0.19†
*Mann Whitney U test; †Fisher exact test; IQR = interquartile range; CRIB = Critical Risk Index for Babies; SGA = small for gestational 
age; CPAP = continuous positive airway pressure; figures in bold = statistically significant
Table 2. Univariate logistic regression analysis of risk factors for death until hospital discharge
Parameter β Standard error Wald p OR (Exp β) 95% CI
Birth weight -0.006 0.001 55.5 <0.001 0.994 0.993-0.996
Gestational age -0.668 0.088 57.7 <0.001 0.513 0.431-0.609
Singleton/multiple -0.277 0.329 0.71 0.40 0.758 0.397-1.446
Female/male 0.544 0.277 3.84 0.05 1.722 0.999-2.97
5-min Apgar score -0.513 0.073 49.59 <0.001 0.598 0.518-0.690
Prenatal corticosteroids, any -0.042 0.274 0.02 0.87 0.959 0.560-1.642
Chorioamnionitis 0.400 0.274 2.12 0.15 1.49 0.871-2.557
Outborn 0.606 0.409 2.19 0.14 1.83 0.822-4.092
SGA -0.745 0.356 4.368 0.04 0.475 0.236-0.954
CRIB score 0.521 0.063 67.68 <0.001 1.68 1.487-1.906
Delivery room resuscitation 1.081 0.299 12.99 <0.001 2.95 1.638-5.309
Delivery room CPAP -1.736 0.751 5.35 0.02 0.18 0.041-0.767
SGA = small for gestational age; CRIB = Critical Risk Index for Babies; CPAP = continuous positive airway pressure; OR = odds ratio; CI 
= confidence interval; figures in bold = statistically significant
Table 3. Multivariate logistic regression analysis of risk factors significantly influencing death until hospital discharge
Parameter β Standard error Wald p OR (Exp β) 95% CI
5-minute Apgar score -0.248 0.094 6.925 0.009 0.780 0.648-0.939
CRIB score 0.517 0.072 51.39 <0.001 1.677 1.456-1.931
Constant -0.599 0.723 4.88 0.03
CRIB = Critical Risk Index for Babies; OR = odds ratio; CI = confidence interval; figures in bold = statistically significant
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Results
Parameters influencing death until hospital discharge
A total of 252 VLBW infants were included. An 
active approach was instituted in all but three infants 
(two due to immaturity and one due to congenital 
anomaly, i.e. anencephaly). Mortality until hospital dis-
charge was 30.5% (77/252). Demographic and clinical 
data on the study cohort are shown in Table 1. VLBW 
infants who died had 4 weeks lower GA than surviving 
infants (median GA at birth 25 vs. 29 weeks), lower 
birth weight (mean 756.4 vs. 1126.4 g), lower Apgar 
score in the fifth minute of life (median 5 vs. 8) and 
were more frequently resuscitated at birth (41.6% vs. 
19.4%; p<0.001). The infants who survived were more 
often SGA (28.0% vs. 15.6%; p=0.04) and more often 
received continuous-positive-airway-pressure (CPAP) 
in the delivery room (13.1% vs. 2.6%; p=0.01). Male 
sex, prenatal corticosteroid use, singleton or multiple 
pregnancy, chorioamnionitis and not being born at a 
neonatal unit level III did not vary between the groups. 
Results of the univariate logistic regression analysis 
(Table 2) revealed the impact of multiple factors on the 
probability of death until hospital discharge. Lower 
birth weight, lower GA, low 5-minute Apgar score, 
higher CRIB score and the need for delivery room re-
suscitation were the risk factors for death until hospital 
discharge. The only two factors that reduced the risk of 
death until hospital discharge were if the infant was 
SGA (OR 0.475, 95% CI 0.236-0.954) and received 
CPAP in the delivery room (OR 0.18, 95% CI 0.041-
0.767). For the multivariate logistic regression analysis, 
a simplified model using backward stepwise regression 
was developed (Table 3). The parameters influencing 
death until hospital discharge were 5-minute Apgar 
score (OR 0.780, 95% CI 0.648-0.939) and CRIB 
score (OR 1.677, 95% CI 1.456-1.931). The strongest 
predictor was CRIB score, which gave a unique statisti-
cal contribution to the model. The ROC curve method 
was utilized to assess the value of the parameters for 
which multivariate analysis showed significant contri-
bution to the model. In our data, the strongest associa-
tion was found for CRIB score (AUC 0.927, sensitivity 
92.2, specificity 81.1; p<0.001).
Death until hospital discharge and gestational age
Survival until hospital discharge depending on in-
fant GA was as follows: GA 22-23 weeks 0% (0/20); 
Fig. 1. Kaplan-Meier curve of survival in relation to gestational age in the cohort  
of very-low-birth-weight neonates (N=252).
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GA 24-25 weeks 27.3% (12/44); GA 26-27 weeks 
71.2% (37/52); GA 28-29 weeks 87.3% (49/56); GA 
30-31 weeks 100% (0/40); and GA >32 weeks 92.5% 
(37/40) (Fig. 1). The limit of viability in our cohort of 
VLBW infants was 26 weeks of gestation (GA 25 
weeks survival rate 30.4% vs. GA 26 weeks survival 
rate 65.0%).
Death until hospital discharge and birth weight
Survival until hospital discharge depending on 
birth weight of infants was as follows: <499 g: 0% 
(0/20), 500-749 g: 28.8% (14/52), 750-999 g: 69.8% 
(52/59), 1000-1250 g: 88.1% (64/68) and 1250-1499 
g: 94.1% (64/68) (Fig. 2).
Cause of death in relation to postnatal age
Death in infants who died within 12 hours after 
birth was most commonly attributed to immaturity 
(Table 4). In infants surviving longer than 12 hours, 
death was most commonly attributed to NEC; this 
condition was considered to underlie 17.3% of deaths 
in the first 14 days and 19.8% of deaths in the first 28 
days of life. Also, at 15 to 60 postnatal days, NEC was 
the most common cause of death. After 60 days, infec-
tion became the predominant cause of death (Fig. 3).
Cause of death in relation to gestational age
In infants born at 22 or 23 weeks of gestation, im-
maturity was the most common cause of death (Table 
5). Deaths among infants born at 24 to 27 weeks of 
gestation were similarly attributed to NEC (14.2%), 
infection (12.9%), immaturity (12.9%) and kidney 
failure (11.6%).
Discussion
Mortality until hospital discharge
This was the first study to investigate timing and 
cause of death until hospital discharge in VLBW in-
fants in Croatia. The overall mortality until hospital 
discharge was 30.5%, similar to the mortality reported 
in European transition countries. A study analyzing 
data on 1,460 singleton live births with VLBW (≤1500 
g) during the 2000-2010 period in Latvia showed a 
mortality rate of 25.5% in the neonatal period18. Mor-
tality in our cohort was significantly higher than those 
Fig. 2. Kaplan-Meier curve of survival in relation to birth weight in the cohort  
of very-low-birth-weight neonates (N=252).
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reported in well-developed countries. In a German co-
hort of VLBW infants in 2008-2012, the overall mor-
tality was 10.9%19. In the US, the overall mortality of 
VLBW infants (N=102493) during the 1997-2004 
period was 22.53%20, and in Korea the mortality of 
VLBW infants from January 2013 to June 2014 was 
15.2%21. The mortality rate in our cohort corresponded 
to the mortality rate of 32.4% reported in South Korea 
in 199622.
In our cohort, there were no survivors born at 22 
and 23 weeks of gestation, and mortality until hospital 
discharge in infants born ≤24 weeks of gestation was 
Table 4. Timing and causes of death until hospital discharge in very-low-birth-weight neonates
Number (%) 
Time of death ≤12 hours
13 hours-









Total, n (%) 22 (29) 11 (14) 16 (21) 4 (5) 11 (14) 8 (10) 2 (3) 3 (4)
Cause of death:
Bronchopulmonary dysplasia 0 0 0 0 0 0 0 1 (1.3)
CNS injury 0 0 3 (18.8) 0 0 0 0 0
Congenital anomalies 2 (9.1) 0 0 0 1 (9.1) 0 0 0
Immaturity 16 (72.7) 6 (54.5) 2 (12.5) 0 0 0 0 0
Infection 2 (9.1) 0 3 (18.8) 0 1 (9.1) 3 (37.5) 1 (50) 2 (66.7)
Kidney failure 0 0 2 (12.5) 2 (50) 5 (45.5) 0 1 (50) 0
NEC 0 0 3 (18.8) 1 (25) 4 (36.4) 5 (62.5) 0 0
Other 0 1 (9.1) 1 (6.3) 0 0 0 0 0
Respiratory distress syndrome 2 (9.1) 4 (36.4) 2 (12.5) 1 (25) 0 0 0 0
Total, n (%) 22 (100) 11 (100) 16 (100) 4 (100) 11 (100) 8 (100) 2 (100) 3 (100)
CNS = central nervous system; NEC = necrotizing enterocolitis
Fig. 3. Proportionate mortality for major causes of death in very-low-birth-weight neonates according to 
postnatal age.
CNS = central nervous system; NEC = necrotizing enterocolitis
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87.8%. In European countries, mortality rates until 30 
days of life in infants born ≤24 weeks of gestation vary 
from 83.3% in The Netherlands to 43.8% in Sweden24.
Our data showed that significant improvements 
could be done in perinatal and neonatal care, especial-
ly in extremely-low-gestational-age newborns. Factors 
contributing to significant reduction of mortality in 
VLBW neonates in Korea were attributed to Korean 
socio-economic environment, public demand, numer-
ous study visits and lectures in Korea by distinguished 
foreign neonatologists, return of native Korean neona-
tologists trained at famous foreign institutions, and 
establishment of Korean medical societies (e.g., Kore-
an Society of Perinatology and Korean Society of 
Neonatology)24. Also, several therapeutic advances, i.e. 
high-frequency ventilation, inhaled nitric oxide, new 
modes of mechanical ventilation, nasal CPAP, delivery 
room management strategies and others have lowered 
mortality rates25.
Several observations can be made when comparing 
our cohort to a historical cohort of VLBW neonates 
(500-1499 g) born in 1998-1999, investigated by 
Filipović-Grčić26. In the historical cohort, comfort 
care was administered to 9.37% (63/672) of infants. 
This is in contrast to only 1.1% (3/252) of infants hav-
ing received comfort care in our cohort. This may re-
flect changing attitudes of the Croatian neonatolo-
gists, especially concerning Croatian implementation 
of the WHO standards for reporting infants born at 
Table 5. Cause of death according to gestational age
Number (%) of infants according to gestational age
Gestational age (weeks) 22-23 24-25 26-27 28-29 30-31 ≥32 Total
n (% of total deaths) 20 (26) 32 (41,6) 15 (19,5) 7 (9,1) 0 3 (3,9) 77 (100)
Cause of death:
Bronchopulmonary dysplasia 0 0 1 (6.7) 0 0 0 1 (1.3)
CNS injury 1 (5) 0 2 (13.3) 0 0 0 3 (3.9)
Congenital anomalies 0 1 (3.1) 1 (6.7) 1 (14.3) 0 0 3 (3.9)
Immaturity 14 (70) 7 (21.9) 1 (6.7) 1 (14.3) 0 1 (33.3) 24 (31.2)
Infection 2 (10) 4 (12.5) 4 (12.5) 2 (28.6) 0 0 12 (15.6)
Kidney failure 1 (5) 5 (15.6) 2 (13.3) 1 (14.3) 0 1 (33.3) 10 (13)
NEC 2 (10) 8 (25) 1 (6.7) 2 (28.6) 0 0 13 (16.9)
Other 0 0 2 (13.3) 0 0 0 2 (2.6)
Respiratory distress syndrome 0 7 (21.9) 1 (6.7) 0 0 1 (33.3) 9 (11.7)
Total 20 (100) 32 (100) 15 (100) 7 (100) 0 3 (100) 77 (100)
CNS = central nervous system; NEC = necrotizing enterocolitis
≥22 weeks of gestation in their vital statistics since 
200127.
Overall mortality until hospital discharge in the 
historical group was 47.5% (319/663) and was signifi-
cantly higher as compared with our cohort (30.5%; 
77/252). In our cohort of VLBW infants, the limit of 
viability (GA at which a prematurely born infant has a 
50% chance of long-term survival outside the womb)10 
was 26 weeks of gestation as compared to 29-31 weeks 
(mortality 36.1%) in the historical cohort.
The potential factors that contribute to the reduc-
tion of overall mortality are better in utero transport to 
level III neonatal units. In the historical cohort, 38.6% 
(260/672) were born and primarily cared for in level I 
and II neonatal units, compared to only 11.2% 
(28/252) infants born and initially treated at level I 
and II neonatal units in our cohort. This conclusion is 
supported by Boland et al.28, who found that mortality 
rates remained higher for outborn live births at 22-27 
weeks of gestation compared with inborn peers. Con-
clusions on other factors contributing to better out-
comes could not be drawn due to the lack of respective 
data.
Cause of death in relation to postnatal age
Death attributed to immaturity was prevalent in 
the first three days of life. This is consistent with find-
ings reported from several studies29. Also, the finding 
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of NEC as the prevalent cause of mortality after 7 days 
of life is consistent with previously published multi-
center studies16. To further reduce NEC rates in our 
population, appropriate strategies should be imple-
mented (reducing ventilation days, prevention of late-
onset sepsis, avoiding H2 blockers, initiation of early 
enteral feeds, initiation of breastfeeding, implementa-
tion of standardized feeding guidelines, etc.)28.
Kidney failure was the fourth most common cause 
of death in our cohort following infections, and was re-
sponsible for 12.9% (10/77) of all deaths. This indicates 
that special care needs to be taken to maintain hemody-
namic support in infants at risk of kidney failure.
There were several limitations to our study. Deter-
mining a single cause of death in VLBW neonates is 
challenging because multiple factors play role in out-
comes. Also, subjectivity in identifying the cause of 
death must be taken into consideration. There may 
have been misclassifications, especially in attributing 
the causes of death to kidney failure versus immaturity 
or infection. Finally, our cohort may not have been 
representative for other perinatal care regions in Croa-
tia and this may limit translation of our findings to the 
entire Croatian population of VLBW neonates.
In conclusion, mortality of VLBW infants was 
found to be higher as compared to countries with ad-
vanced perinatal care and was similar to other transi-
tional countries; however, significant improvements in 
survival until discharge had been achieved when com-
paring our cohort to the cohort of VLBW infants in-
vestigated by Filipović-Grčić26 in the 1998-1999 pe-
riod. Most VLBW infants died in the first 12 hours of 
life. Immaturity was the leading cause of death in the 
first 7 days of life, and after the first week, NEC was 
the predominant cause of death.
References
 1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al.; 
Child Health Epidemiology Reference Group of WHO and 
UNICEF. Global, regional, and national causes of child mor-
tality: an updated systematic analysis for 2010 with time trends 
since 2000. Lancet. 2012 Jun 9;379(9832):2151-61. doi: 
10.1016/S0140-6736(12)60560-1. Erratum in: Lancet. 2012 
Oct 13;380(9850):1308.
 2. Mathews TJ, MacDorman MF. Infant mortality statistics from 
the 2009 period linked birth/infant death data set. Natl Vital 
Stat Rep. 2013 Jan 24;61(8):1-27.
 3. Halliday HL. History of surfactant from 1980. Biol Neonate. 
2005;87(4):317-22.
 4. Deshmukh M, Patole S. Antenatal corticosteroids for neonates 
born before 25 weeks – a systematic review and meta-analysis. 
PLoS One. 2017 May 9;12(5):e0176090. doi: 10.1371/journal.
pone.0176090.
 5. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller 
AB, Narwal R, et al. National, regional, and worldwide esti-
mates of preterm birth rates in the year 2010 with time trends 
since 1990 for selected countries: a systematic analysis and 
 implications. Lancet. 2012 Jun 9;379(9832):2162-72. doi: 
10.1016/S0140-6736(12)60820-4.
 6. Tyson JE, Parikh NA, Langer J, Green C, Higgins RD; Na-
tional Institute of Child Health and Human Development 
Neonatal Research Network. Intensive care for extreme prema-
turity – moving beyond gestational age. N Engl J Med. 2008 
Apr 17;358(16):1672-81. doi: 10.1056/NEJMoa073059.
 7. Kusuda S, Fujimura M, Uchiyama A, Totsu S, Matsunami K; 
Neonatal Research Network, Japan. Trends in morbidity and 
mortality among very-low-birth-weight infants from 2003 
to 2008 in Japan. Pediatr Res. 2012 Nov;72(5):531-8. doi: 
10.1038/pr.2012.114.
 8. Bajwa NM, Berner M, Worley S, Pfister RE; Swiss Neonatal 
Network. Population based age stratified morbidities of prema-
ture infants in Switzerland. Swiss Med Wkly. 2011 Jun 
24;141:w13212. doi: 10.4414/smw.2011.13212.
 9. Seaton SE, King S, Manktelow BN, Draper ES, Field DJ. Babies 
born at the threshold of viability: changes in survival and work-
load over 20 years. Arch Dis Child Fetal Neonatal Ed. 2013 
Jan;98(1):F15-20. doi:10.1136/fetalneonatal-2011-301572.
10. Ogawa M, Matsuda Y, Kanda E, Konno J, Mitani M, Makino 
Y, et al. Survival rate of extremely low birth weight infants and 
its risk factors: case-control study in Japan. ISRN Obstet Gy-
necol. 2013 Nov 25;2013:873563. doi:10.1155/2013/873563.
11. Pignotti MS, Donzelli G. Perinatal care at the threshold of vi-
ability: an international comparison of practical guidelines for 
the treatment of extremely preterm births. Pediatrics. 2008 
Jan;121(1):e193-8. doi: 10.1542/peds.2007-0513.
12. Fenton TR, Nasser R, Eliasziw M, Kim JH, Bilan D, Sauve R. 
Validating the weight gain of preterm infants between the ref-
erence growth curve of the fetus and the term infant. BMC 
Pediatr. 2013 Jun 11;13:92. doi: 10.1186/1471-2431-13-92.
13. Tokumasu H, Tokumasu S, Kawakami K. Impact of pre-ec-
lampsia in extremely premature infants: population-based 
study. Pediatr Int. 2016 Jul;58(7):578-83. doi: 10.1111/
ped.12905.
14. Saadat M, Nejad SM, Habibi G, Sheikhvatan M. Maternal 
and neonatal outcomes in women with preeclampsia. Taiwan J 
Obstet Gynecol. 2007 Sep;46(3):255-9.
15. The CRIB (Clinical Risk Index for Babies) score: a tool for 
assessing initial neonatal risk and comparing performance of 
neonatal intensive care units. The International Neonatal Net-
work. Lancet. 1993 Jul 24;342(8865):193-8. Erratum in: Lan-
cet 1993 Sep 4;342(8871):626.
16. Patel RM, Kandefer S, Walsh MC, Bell EF, Carlo WA, Lap-
took AR, et al. Eunice Kennedy Shriver National Institute of 
D. Kardum et al. Survival until discharge of very-low-birth-weight infants
454 Acta Clin Croat, Vol. 58, No. 3, 2019
Child Health and Human Development Neonatal Research 
Network. Causes and timing of death in extremely premature 
infants from 2000 through 2011. N Engl J Med. 2015 Jan 
22;372(4):331-40. doi: 10.1056/NEJMoa1403489.
17. Akcan-Arikan A, Zappitelli M, Loftis LL, Washburn KK, Jef-
ferson LS, Goldstein SL. Modified RIFLE criteria in critically 
ill children with acute kidney injury. Kidney Int. 2007 May; 
71(10):1028-35.
18. Zile I, Ebela I, Rumba Rozenfelde I. Risk factors associated 
with neonatal deaths among very low birth weight infants in 
Latvia. Curr Pediatr Res 2017;21(1):64-8.
19. Jeschke E, Biermann A, Günster C, Böhler T, Heller G, Hum-
mler HD, et al. Routine Data-Based Quality Improvement 
Panel. Mortality and Major Morbidity of Very-Low-Birth-
Weight Infants in Germany 2008-2012: a report based on 
 administrative data. Front Pediatr. 2016 Mar 22;4:23. doi: 
10.3389/fped.2016.00023.
20. Mohamed MA, Nada A, Aly H. Day-by-day postnatal survival 
in very low birth weight infants. Pediatrics. 2010 Aug;126 
(2):e360-6. doi: 10.1542/peds.2009-2810.
21. Shim JW, Jin HS, Bae CW. Changes in survival rate for very-
low-birth-weight infants in Korea: comparison with other 
countries. J Korean Med Sci. 2015 Oct;30 Suppl 1:S25-34. doi: 
10.3346/jkms.2015.30.S1.S25.
22. Bae YM, Bae CW. The changes in the mortality rates of low 
birth weight infant and very low birth weight infant in Korea 
over the past 40 years. J Korean Med Sci. 2004 Feb;19(1): 
27-31.
23. Numerato D, Fattore G, Tediosi F, Zanini R, Peltola M, Banks 
H, et al. Mortality and length of stay of very low birth weight and 
very preterm infants: a EuroHOPE Study. PLoS One. 2015 Jun 
29;10(6):e0131685. doi: 10.1371/journal.pone.0131685.
24. Choi J-H. Milestones of the history of neonatal intensive care 
in Korea. Neonatal Med. 2013;20(3):236. doi:10.5385/nm. 
2013.20.3.236.
25. Bae C-W. The history of neonatology in Korea. J Korean Med 
Assoc. 2016;59(7):490. doi: 10.5124/jkma.2016.59.7.490.
26. Filipović-Grčić B. Utjecaj postojeće regionalizacije zdravstvene 
zaštite novorođenčadi na pomor novorođenčadi vrlo niske po-
rodne težine u dvogodišnjem razdoblju (1998.-1999.) u Re-
publici Hrvatskoj [Influence of present regionalization of neo-
natal health care on mortality of very low birth weight infants 
in a two-year period (1998-1999) in Republic of Croatia]. [dis-
sertation]. Zagreb: University of Zagreb; 2003.
27. Rodin U. Perinatalni mortalitet, fetalna smrtnost i maternalni 
mortalitet. In: Kuvačić I, Kurjak A, Đelmiš J, editors. Porod-
ništvo. Zagreb: Medicinska naklada; 2007. p. 5-6. (in Croatian)
28. Boland RA, Davis PG, Dawson JA, Doyle LW. Outcomes of 
infants born at 22-27 weeks’ gestation in Victoria according to 
outborn/inborn birth status. Arch Dis Child Fetal Neonatal 
Ed. 2017 Mar;102(2):F153-F161. doi: 10.1136/archdischild- 
-2015-310313.
29. Gephart SM, McGrath JM, Effken JA, Halpern MD. Necro-
tizing enterocolitis risk: state of the science. Adv Neonatal 
Care. 2012 Apr;12(2):77-87. doi: 10.1097/ANC.0b013e31 
824cee94.
Sažetak
PREŽIVLJENJE DO OTPUSTA IZ BOLNICE NOVOROĐENČADI  
VRLO NISKE POROĐAJNE TEŽINE U DVIJE HRVATSKE PERINATALNE REGIJE:  
RETROSPEKTIVNA STUDIJA VREMENA I UZROKA SMRTI
D. Kardum, B. Filipović-Grčić, A. Müller i S. Dessardo
Istraživali smo smrtnost, uzroke, vrijeme i rizične čimbenike za smrt do otpusta iz bolnice u novorođenčadi vrlo niske 
porođajne težine (VNPT) rođene u dvije hrvatske perinatalne regije. Ova retrospektivna studija je uključila 252 živorođena 
novorođenčeta VNPT. Smrtnost do otpusta iz bolnice bila je 30.5% (77/252). Novorođenčad VNPT koja su umrla bila su 4 
tjedna manje gestacijske dobi od novorođenčadi koja je preživjela (medijan gestacijske dobi 25 prema 29 tjedana; p<0,001), 
imala su manju porođajnu težinu (srednja vrijednost 756,4 prema 1126,4 g; p<0,001), niže vrijednosti Apgar zbroja u 5. 
minuti života (medijan 5 prema 8; p<0,001) i češće su bila reanimirana pri porođaju (41,6% prema 19,4%; p<0,001). Preži-
vjela novorođenčad su češće bila mala za gestacijsku dob (28,0% prema 15,6%; p=0,04) i kod njih je češće primijenjen kon-
tinuirani pozitivni tlak u rađaonici (13,1% prema 2,6%; p=0,01). Multivarijatna logistička regresija je pokazala da su parame-
tri koji najsnažnije utječu na smrt do otpusta iz bolnice Apgar zbroj u 5. minuti (OR 0,780, 95% CI 0,648-0,939) i CRIB 
zbroj (Critical Risk Index for Babies) (OR 1,677, 95% CI 1,456-1,931). ROC analiza je pokazala kako je CRIB zbroj (AUC 
0,927, osjetljivost 92,2, specifičnost 81,1; p<0,001) najznačajniji prediktor smrti do otpusta iz bolnice. Nezrelost je glavni 
uzrok smrti u novorođenčadi koja su umrla prije 12. sata hospitalizacije. U novorođenčadi koja je preživjela >12 sati glavni 
uzrok smrti je nekrotizirajući enterokolitis.
Ključne riječi: Dojenče, vrlo niske porođajne težine; Uzrok smrti; Bolnička smrtnost; Hrvatska
